Background: Sustaining clinical remission is an important treatment goal in moderate-to-severe UC. This post hoc exploratory analysis assessed the long-term efficacy of vedolizumab in the subset of patients with UC in the GEMINI 1 study who were in clinical remission by week 14 after 3 induction doses, administered at weeks 0, 2, and 6.
INTRODUCTION
Ulcerative colitis (UC) is characterized by abdominal pain and bloody diarrhea. Uncontrolled disease activity substantially affects patients' quality of life (QoL), leading to functional impairment, anxiety, and social stigmatization. [1] [2] [3] Some patients with severe disease may require hospitalization and, potentially, colectomy. 4 Chronic intestinal inflammation also predisposes patients to colorectal cancer. 5, 6 Consequently, UC imposes substantial burdens on patients, society, and healthcare resources. [7] [8] [9] [10] The ultimate treatment goal is attaining sustained clinical remission. 11 Corticosteroids are commonly used to induce clinical remission in patients with moderate-to-severe UC who have failed treatment with 5-aminosalicylates; however, corticosteroids are ineffective as maintenance, and prolonged use is associated with serious side effects. 2 Although tumor necrosis factor (TNF) antagonists have improved UC management, some patients do not respond to induction therapy or lose response during maintenance treatment. 12 Tumor necrosis factor antagonist therapy may also be limited by an increased risk of serious infection. 13 Current clinical evidence on the ability of biologics to sustain UC clinical remission is limited. [14] [15] [16] Vedolizumab is a gut-selective, humanized, immunoglobulin G1 monoclonal antibody that binds to the α 4 β 7 integrin expressed on leukocytes, preventing movement into gut tissue and thereby reducing inflammation. 17, 18 International treatment guidelines recommend using vedolizumab for induction and maintenance treatment of adults with moderate-to-severe UC or Crohn's disease who have had an inadequate response, loss of response, or were intolerant to either conventional therapy or a TNF antagonist. 4, 19, 20 In line with regulatory authority approval, patients with UC or Crohn's disease should receive vedolizumab doses at weeks 0, 2, and 6 before determining whether to continue therapy at week 10 or 14, dependent on label. 19, 20 In this exploratory analysis, we evaluated sustainability of clinical remission with vedolizumab in patients who received 3 induction doses and were in clinical remission by week 14.
MATERIALS AND METHODS

Study Design
This was a post hoc analysis of GEMINI 1 (ClinicalTrials.gov Identifier, NCT00783718), a phase 3 randomized, placebo-controlled trial with separate induction and maintenance phases (details published previously; Fig. 1 ). 21 Patients who discontinued treatment during maintenance or completed 52 weeks' treatment could enroll in a long-term safety study (GEMINI LTS [ClinicalTrials.gov Identifier, NCT00790933]) with vedolizumab. These studies were conducted in accordance with the Declaration of Helsinki and International Conference on Harmonisation Guidelines for Good Clinical Practice. Procedures were approved by local institutional review boards or ethics committees; all patients provided informed written consent. All authors had access to the study data and had reviewed and approved the final manuscript.
Treatment Groups
The current analysis investigated 3 treatment groups ( Fig. 1) : the PLA group (n = 149) comprised patients who received placebo during induction and maintenance phases of GEMINI 1; the VDZ/PLA group (n = 126) comprised patients who responded at week 6 after 2 induction doses of vedolizumab administered at weeks 0 and 2 and were subsequently randomized to placebo for the maintenance phase through week 52; and the combined VDZ group (n = 620) included week 6 responders to vedolizumab randomized to vedolizumab either every 4 or 8 weeks (Q4W or Q8W) or week 6 nonresponders who received open-label vedolizumab (Q4W) in the maintenance phase of GEMINI 1. All patients who discontinued during or completed the maintenance phase were eligible to subsequently enroll into the LTS study.
Endpoints
Sustained clinical remission (primary endpoint) was evaluated using 2 definitions: (1) a partial Mayo Score (pMS) of ≤2 with no subscore >1 and (2) a rectal bleeding subscore (RBS) of 0 throughout weeks 14, 26, 38, and 52 (Fig. 1) . The primary endpoint was the proportion of patients who were in clinical remission at week 14 and sustained clinical remission through week 52. The secondary endpoint was the proportion of patients who were in clinical remission before or at week 14 and sustained clinical remission through week 52.
Missing maintenance data for the combined VDZ group were substituted from GEMINI LTS where available. A sensitivity analysis assessed the impact on sustained clinical remission of GEMINI LTS data substitution based on (1) pMS at all study visits but for total MS at week 52 or (2) RBS of 0 for all study visits.
The primary endpoint was assessed in the overall population and according to TNF antagonist treatment history. Tumor necrosis factor antagonist-naive status was determined on assessment at screening (using an interactive voice recording system), and TNF antagonist-failure status was determined on assessment at enrollment (by investigator using the case report form).
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Data Collection and Substitution
Some patients who discontinued vedolizumab treatment in the maintenance phase of GEMINI 1 entered the LTS study (PLA 58.4%, VDZ/PLA 54.0%, combined VDZ 27.7%). Data from GEMINI LTS were used to substitute missing GEMINI 1 maintenance data for the combined VDZ treatment group. Data substitution from the GEMINI LTS study was performed for 3.4% (n = 21), 16 .3% (n = 101), 18.2% (n = 113), and 16.1% (n = 100) of the combined VDZ group at weeks 14, 26, 38, and 52, respectively. Substitution was not possible for PLA and VDZ/PLA groups due to there being no placebo arm in the LTS study. Consequently, PLA or VDZ/PLA patients with missing data were not considered in remission. Missing induction data were not substituted.
Statistical Methods
Descriptive statistics were used to summarize baseline demographics and disease characteristics. Proportions of patients and 95% confidence intervals (CIs) for the percentage-point differences (∆) across the PLA, VDZ/PLA, and combined VDZ groups were described for primary and secondary endpoints.
RESULTS
Demographics and Disease Characteristics
Baseline demographics and disease characteristics were similar across treatment groups ( Table 1 ). The mean age was 40.3 ± 13.1 years, 41% of patients were female, mean pMS was 6.0 ± 1.6, and mean duration of UC was 6.9 ± 6.4 years. Patients in the TNF antagonist-naive subgroup had a shorter mean disease duration (by 1.5 years) compared with those in the TNF antagonist-failure subgroup.
Clinical Remission at Week 14
The proportion of patients in clinical remission at week 14 was significantly greater in the combined VDZ group than in the PLA group: 32.7% vs 20.1% based on pMS (∆12.6%; 95% CI, 5.2-20.0), and 47.3% vs 28.9% based on RBS (∆18.4%; 95% CI, 10.1-26.7). The proportion of patients in clinical remission at week 14 in the VDZ/PLA and PLA treatment groups, respectively, was 61.1% vs 20.1% based on pMS (∆41.0%; 95% CI, 30.3-51.6) and 69.8% vs 28.9% based on RBS (∆41.0%; 95% CI, 30.2-51.8).
Week 14 clinical remission rates in the week 6 responders within the VDZ group were similar to those in the overall VDZ/ PLA group, whereas week 14 rates in the week 6 nonresponders within the VDZ group resembled those in the PLA group. Based on pMS, the week 14 clinical remission rates were 63.4% in week 6 responders in the VDZ group and 61.1% in the overall VDZ/PLA group, who were all week 6 responders. In contrast, FIGURE 1. Design of GEMINI 1 and patient disposition. GEMINI 1 study design and disposition of patients with moderate-to-severe UC failing conventional therapy. 21 Cohort 1, randomized to double-blind vedolizumab or placebo at weeks 0 and 2; cohort 2 (required to ensure sufficient sample size in maintenance phase) received open-label vedolizumab at weeks 0 and 2. The 2 cohorts were integrated for the maintenance phase (up to week 52) based on clinical response* at week 6. Vedolizumab nonresponders received open-label vedolizumab Q4W, while responders were re-randomized to double-blind vedolizumab Q4W, Q8W, or placebo. Patients discontinuing vedolizumab induction (cohort 1: n = 7; cohort 2: n = 36) or placebo (n = 14) were re-assigned to open-label vedolizumab Q4W maintenance (nonresponder) or to the placebo group, respectively (stippled arrows). *Reduction from baseline in total MS of ≥3 points and ≥30% decrease from baseline, with ≥1-point decrease in RBS or an absolute ≤1-point RBS.
† Sustained clinical remission (weeks 14, 26, 38, and 52) assessed according to 2 definitions: (1) pMS ≤2 points and no individual subscore >1 point, and (2) RBS of 0. Data substitution from GEMINI LTS was performed for 3.4% (n = 21), 16 .3% (n = 101), 18.2% (n = 113), and 16.1% (n = 100) of the combined VDZ group at weeks 14, 26, 38, and 52, respectively. Abbreviations: DB, double-blind; OL, open-label.
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week 14 clinical remission rates in week 6 nonresponders within the VDZ group (15.0%) were comparable to those in the PLA group (20.1%). Results based on RBS paralleled those based on pMS, with week 14 clinical remission rates in week 6 responders within the VDZ group (73.1%) close to those in the VDZ/PLA group (69.8%), and with the week 14 rates in week 6 nonresponders in the VDZ group (32.3%) also comparable to those in the PLA group (28.9%).
Sustained Clinical Remission from Week 14 to Week 52
Of the patients in clinical remission at week 14, a significantly higher proportion of the combined VDZ treatment group sustained clinical remission (at weeks 14, 26, 38, and 52) compared with the PLA group, as assessed using pMS (66.5% vs 26.7%; ∆39.8%; 95% CI, 22.7-56.9) or RBS (56.7% vs 20.9%; ∆35.7%; 95% CI, 22.3-49.1). There were no significant differences in proportion of patients in sustained clinical remission between the VDZ/PLA and PLA groups, as assessed using pMS (28.6% vs 26.7%; ∆1.9%; 95% CI, -16.9 to 20.7) or RBS (26.1% vs 20.9%; ∆5.2%; 95% CI, -10.0 to 20.4; Fig. 2 and Supplementary Table S1, Supplementary Data Content 1, which shows sustained clinical remission data). Similar findings were observed in the TNF antagonist-naive patient subgroup using both pMS and RBS to characterize sustained clinical remission (Fig. 2) . These observations were also replicated in the TNF antagonist-failure patient subgroup using RBS only; a numerically greater proportion in the combined VDZ group a Difference of n = 10, n = 9, and n = 45 between overall population and TNF antagonist subgroups in the PLA, VDZ/PLA, and combined VDZ groups, respectively, is due to (1) analysis not accounting for patients with prior TNF antagonist therapy exposure and no documented failure from the subgroup analysis and (2) differences in use of prior TNF antagonist exposure recorded at screening vs study baseline. achieved sustained clinical remission based on the pMS definition, compared with the PLA and VDZ/PLA groups (Fig. 2) .
In the overall population, sensitivity analysis of sustained clinical remission excluding GEMINI LTS data was consistent with results observed when LTS study data were included in the analysis ( Supplementary Fig. S1 , Supplementary Data Content 2, which shows sustained clinical remission data for the overall population). While in the sensitivity analysis, the proportion of patients in the combined VDZ group who achieved sustained clinical remission was reduced, and this proportion was still significantly higher than in the PLA group (pMS: 42.3% vs 23.3%; ∆19.0%; 95% CI, 2.4-35.6) (RBS: 38.5% vs 16.3%; ∆22.3%; 95% CI, 9.9-34.6; Supplementary  Fig. S1 , Supplementary Data Content 2). The proportion of patients in sustained clinical remission also remained similar in the VDZ/PLA and PLA groups (pMS: 18.2% vs 23.3%; ∆-5.2%; 95% CI, -22.6 to 12.3) (RBS: 19.3% vs 16.3%; ∆3.0%; 95% CI, -10.7 to 16.8).
Within each treatment group, a proportion of patients entered clinical remission before week 14 and sustained this through week 52, according to both pMS and RBS definitions ( Supplementary Fig. S2 , Supplementary Data Content 3). Between week 0 and 14, there was a cumulative increase in number of patients entering into clinical remission. This increase was more pronounced in the combined VDZ group than in the VDZ/PLA or PLA groups ( Supplementary Fig. S2 , Supplementary Data Content 3). This was observed in the overall population and the TNF antagonist subgroups.
DISCUSSION
An unmet need in managing moderate-to-severe UC is sustaining clinical remission. Patients who achieve this outcome should benefit from improved QoL, reduced exposure to corticosteroids, and decreased risk of disease-related complications.
1,2,7,10 Accordingly, the definition of "clinical remission" deserves careful consideration. Historically, pivotal clinical trials have used cross-sectional assessments of clinical remission at a given timepoint, giving rise to assessments of remission maintenance at 1 year of treatment. 22, 23 Some clinical trials have evaluated the more rigorous outcome of durable or sustained remission, with longitudinal assessment of 2 timepoints at the end of induction therapy (after 4-12 weeks) and at the end of maintenance therapy (after 24-54 weeks). 15, 16, 21 Sustained clinical remission analyses in this study were based on clinical remission after completion of induction treatment (3 doses) at week 14. 19, 20 Using pMS and RBS definitions, 32.7% and 47.3% of patients on vedolizumab and 20.1% and 28.9% of patients on placebo, respectively, were in clinical remission after a full induction course. Among patients achieving clinical remission at week 14, 66.5% on vedolizumab and 26.7% on placebo achieved sustained clinical remission using the pMS definition. Furthermore, most of these patients entered clinical remission before week 14 and sustained clinical remission through week 52 using the pMS or RBS definition for sustained clinical remission.
Where available, additional data on clinical remission in patients in the combined VDZ group who withdrew from the 52-week maintenance study but continued treatment in GEMINI LTS were included. This approach was intended to help optimize the analysis by using all available data. In the analyses where missing data were not substituted with GEMINI LTS data for patients in the combined VDZ group after withdrawal from the maintenance phase, these patients were all simply considered as nonremitters from that point onward. Where such patients with available GEMINI LTS data were included in the analysis, some patients were found to have continued to experience clinical remission. This resulted in higher estimates of sustained clinical remission in the combined VDZ group with GEMINI LTS substitution than in those without substitution, although the overall treatment effect observed between treatment groups remained consistent compared with placebo using both approaches.
Our findings inform clinical practice in that they support recommendations of regulatory authorities that the full 3-dose induction course of vedolizumab should be completed before clinical benefit is assessed at week 10 or 14.
19,20 Given the refractory nature of the GEMINI 1 population, with ~40% having failed TNF antagonist treatment (from among the 50% who were previously treated), the high rates of success after induction therapy allow patients the opportunity to experience efficacy and safety benefits of long-term treatment with vedolizumab. 21 It is noteworthy that an interim analysis of GEMINI LTS data showed long-term clinical benefits of vedolizumab treatment for up to 5 years in patients with early response to the drug: 90% (57 of 63) of GEMINI 1 patients who responded at week 6 and were on long-term treatment at week 248 experienced clinical remission (pMS definition). 24 GEMINI LTS is a long-term, noncomparative safety study that was not designed or powered to evaluate treatment effectiveness. As expected for a 5-year analysis of an ongoing LTS study, patient numbers at the last available study assessment were low. 24 In an analysis of TNF antagonist-naive vs TNF antagonist-failure subgroups, sustained clinical remission was achieved by >60% on vedolizumab vs 25% to 40% on placebo (pMS definition) and 50% to 60% on vedolizumab vs 20% on placebo (RBS definition). Therefore, sustained clinical remission was observed irrespective of TNF antagonist treatment history.
Previous studies with TNF antagonists in moderate-tosevere UC have sustained clinical remission (defined as MS ≤2 and no individual subscore >1). Sustained clinical remission (assessed at weeks 8, 30, and 54) was reported in 19.8% and 20.5% of TNF antagonist-naive patients receiving 5 and 10 mg/ kg of infliximab, respectively, compared with 6.6% of patients on placebo (P = 0.002 for both groups). 15 Low proportions of patients with sustained clinical remission (assessed at weeks 8 and 52) were also reported with adalimumab in TNF antagonist-naive (10.7%) and TNF antagonist-exposed (5.1%) patient subgroups and were not significantly greater than the proportion observed with placebo. 22 In another study, among responders to induction therapy, fewer than one third (27.8%) of TNF antagonist-naive patients receiving golimumab achieved sustained clinical remission (assessed at weeks 30 and 54) compared with 15.6% on placebo (P = 0.004). 16 While higher absolute rates of sustained clinical remission were reported with vedolizumab in the present study than have been reported with TNF antagonists, the magnitude of the treatment effect appears to be generally consistent across studies (with rates on active treatment approximately 2-fold higher than those on placebo). It is important to note that direct comparison of these results across studies of different agents is not feasible because of substantial differences in study design, study endpoints, and patient populations.
Some direct comparisons of durability of clinical response have been reported previously. A recent network meta-analysis comparing the efficacy of biologics in phase 3 clinical studies concluded that vedolizumab demonstrated greater durable clinical response (defined as clinical response at both start and end of maintenance) compared with infliximab (odds ratio [OR] 3.18; 95% CI, 1.14-9.20), golimumab (OR 2.33; 95% CI, 1.04-5.41), or adalimumab (OR 3.96; 95% CI, 1.67-9.84), irrespective of prior TNF antagonist exposure and after adjusting for differences in study design. 25 Notably, mucosal healing, which has been associated with sustained clinical remission, was reported at a significantly higher rate in vedolizumab-treated patients with prior TNF antagonist exposure than in adalimumab-treated patients (OR 6.72; 95% CI, 1.36-41.0).
Based on the limited availability of datasets, this post hoc analysis with vedolizumab is the only report of evidence for a sustained long-term treatment benefit in both TNF antagonist-naive and antagonist-failure patients. No standardized definition of sustained clinical remission exists in the published literature. This analysis used pMS of ≤2 with no individual subscore >1 or RBS of 0 at 4 distinct timepoints-more rigorous definitions than used in previous studies. Nevertheless, RBS has been shown to be a good surrogate for endoscopic subscore. 26 Indeed, this analysis could be used as a new benchmark for future studies assessing sustained clinical remission.
Definitions of clinical remission that were used in this analysis are broadly in line with the recommendations in the STRIDE (Selecting Therapeutic Targets in Inflammatory Bowel Disease) guidelines for the clinical targets of no rectal bleeding and normalization of bowel habit. 11 However, STRIDE also recommends including an MS endoscopic subscore of 0 or 1 in the definition of remission. In GEMINI 1, endoscopy was performed at weeks 0, 6, and 52; therefore, data were not available to assess endoscopic subscore throughout the maintenance phase. The MS and pMS measures have been shown to have a high degree of correlation (Spearman correlation coefficient = 0.97). 27 Consequently, pMS is a useful tool for longterm studies in which repeated, noninvasive assessments of disease activity are desired. Moreover, current FDA guidance recommends that the definition of clinical remission includes an RBS of 0. 28 Compared with endoscopic measures, RBS is a simple, objective, noninvasive marker of clinical remission, 11, 28 which can easily be followed over a long period of time. In this post hoc analysis, evaluation of sustained clinical remission based on an RBS of 0 provided similar outcomes to the pMS definition.
Although not analyzed in the present study, vedolizumab therapy may also offer better tolerability compared with agents that cause systemic immunosuppression, such as TNF antagonists, which are associated with an increased risk of serious infection. 13, 15 Recent analysis (cutoff date: September 30, 2016) of data from up to 72,140 patient-years of vedolizumab exposure in patients with inflammatory bowel disease indicated a favorable safety profile. 29 Our study has several strengths, including a relatively large sample size and consistent findings across 2 definitions of sustained clinical remission. Limitations include those associated with the nature of post hoc analyses and potential bias based on the composition of the treatment groups, which differed from the original randomized design of the GEMINI 1 trial. 21 The combined VDZ treatment group comprised both patients who did and did not respond to vedolizumab by week 6 and, thus, is not as select a group as that reported in the maintenance study. 21 One potential source of bias comes from the missing data for the PLA and VDZ/PLA groups, which could not be substituted from GEMINI LTS because all patients in the LTS study received vedolizumab. This limitation was addressed by conducting a sensitivity analysis; results were consistent with findings for the primary endpoint. Finally, the relatively small number of patients available for subgroup analysis, particularly for the TNF antagonist subgroups, precluded formal statistical testing. Therefore, results should be interpreted with caution.
In conclusion, this post hoc analysis of GEMINI 1 data demonstrated that a 35%-40% greater proportion of vedolizumab-treated than placebo-treated patients experienced sustained clinical remission from week 14 to 1 year of therapy according to both definitions. These findings support the guidance that the full standard 3-dose induction course of vedolizumab must be completed before a final decision on clinical benefit is assessed at week 10 or 14, dependent on EU or US label. 19, 20 These data also provide strong evidence for the longterm benefit conferred by vedolizumab on sustained clinical remission in patients with moderate-to-severe UC, independent of prior TNF antagonist treatment history.
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